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Introduction

For many years the Contra Cost Flood Control and Water Conservation District (District) has used several
internally developed programs to perform hydrology calculations. These programs were written in
FORTRAN anddlude HYDROG6 (for hydrographs) and HYDROZ2 for complex watershed models including
multiple watersheds and detention basins. County Counsel has direct staff to not distribute the

programs to the public for liability reasons. Hence, anyone wanting a hygiodoa use in a flood study

must request the hydrograph from staff.

Currently, District staff is working to replace these programs with more up to date software. This effort

to transition to public domain software for the District models requires cordtiam of the source of

many of the District standards that wecededinto the legacy programs. The District intends to use the

public domain U.S. Army Corps of EngineersHES program (HMS) for future hydrology work. The

standards we need to verify ihcdzZRS G KS NI Ay Tl f f -RvausedFoittdzirdit2 y OdzNIS :
hydrograph method, the lag equation, watershedalues, infiltration rates, and methods used in

measuring or calculating specific parameters for the hydrology calculations. This deparhents our

research to verify the source of the standards. Once verified and documented, we can confidently move
forward and produce guidance on how to perform our standard method for hydrology in public domain

software thus expanding our andthe pdQad | 6 Af A& G2 LINPRdzOS K& RNE I NI L
meet our standards.

Rainfall Distribution Curves

The rainfall distribution curve@ainfall curvesjre essential for duplicating theADd i NA O Qa | , 5whec
results in HMS. In fact, we haveoguced hydrographs in HMS that match almost exactly the HYDROG6

results. We want to solidify our confidence in the HMS inputs so that we can confidently move forward

in our software transition.

Current Standard Sources

We have found District standards figinfall curves in two places. The rainfall curves are hardcoded into
the HYDROG6 FORTRAN code Tsé®el) and they are published in training mater{&igurel), some
copies/version of which are stamBe ¢ LINS f. Therrainfdil dlieg are from several sources.

Personal notes on the training material and recollection from staff that participatedhouse training

on the District method indicate standards rainfall curves come from several othetastdsand

sources. Those noted in the class notes are includ@aloel

! Software can be downloaded for free fromm://www.hec.usace.army.mil/soflware/
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Tablel - Rainfall Distribution Curves from HYDRO6 FORTRAN Code
Subroutinewith Assumed Source

Values are in 10ths of percent.

RANFALL CURVE NAME ASSUMED SOURCE BASED ON CLASS N(

3-Hour Distribution (18ninute intervals) U.S. Army Corps of Engineers

DATA KD3/ 30, 20, 50, 28, 88,102, 55, 70,105,110,277, 65/

6-Hour Rainfall Distribution (3&inute intervals) | Natural Resoure Conservation Servite

DATA KD6 / 21, 25, 38, 45, 60, 30, 23, 25, 48, 43, 26, 25, 22, 25,
1 50, 79,190, 63, 40, 30, 25, 24, 22, 21/

9-Hour Rainfall Distribution (3&inute intervals) | Source Unknown

DATA KD9 /10, 20, 20, 20, 30, 20, 20, 30, 40 , 30, 20, 20, 20, 20,
1 10, 20, 20, 20, 20, 30, 30, 30, 30, 40, 40, 50, 70, 60,
2 50, 40, 30, 20, 20, 20, 20, 10/

12-Hour Rainfall Distribution (&in. intervals) District Developed

DATAKD12/ 9, 9, 10, 10, 11, 11, 11, 12, 12, 12, 13 , 15, 16, 16,
1 17,17, 19, 20, 23, 30, 32, 41, 49,146, 61, 36, 31, 28,
2 26,21, 20,18,17,17, 16, 16, 13, 12, 12,12, 12, 11,
3 11, 11,10, 10, 9, 9/

24-Hour Rainfall Distribution (3in. intervals) Natural Resource Cons&tion Service

DATA KD24/ 9, 9, 10, 10, 10, 11, 11, 12, 13, 14, 15, 17, 19, 20,
1 21,22, 28, 35,50,151, 66, 41, 31, 30, 26, 24, 21, 19,
2 18,17,17,16, 15, 14, 14, 13, 13, 12, 12, 12, 11, 11,
3 11,11,10,10, 9, 9

36-Hour Rainfall Distribution (3@in. intervals) Source Unknown

DATA KD36/ 11, 13, 14, 15, 15, 18, 20, 22, 25, 34, 46,124, 62, 38,
1 30, 24,22, 20, 16, 15, 15, 14, 13, 11, 3, 3, 4, 4,

2 4, 4, 4, 4,5, 5,5,6, 7,7, 8, 8, 10, 13,
3 18,55,24,15,11,11, 9, 9, 8, 7, 7, 6, 6, 6,
4 5 5,5 5,5, 4,4, 4, 4, 4, 4, 4, 4, 4,
5 3, 3/
48-Hour Rainfall Distribution (3fin. intervals) Source Unknown
DATAKD48/ 7, 7, 7, 7, 8, 8, 8,9 9 910,11,12,12,

1 13,13, 14,15, 17, 22, 24, 31, 37,109, 45, 27, 23, 21,

2 19,16,15,13,13,13,12,12,10, 9, 9, 9, 9, 8§,

3 8,8 7,7, 7,7,3,3, 4,4, 4,4, 4,5,

4 5 5,6, 7, 8, 8,11, 29, 14,10, 8, 7, 6, 6,

5 5 5,5/ 5,5, 4, 4 4, 4, 4, 4, 4, 4, 4,
3,323,833, 3,3,3, 2 2 2 2

)]

96-Hour Rainfall Distribution (2 hour intervals) | U.S. Army Corps of Engineers

DATA KD96/ 0, 1, 7, 16, 14, 36, 56, 41, 20, 6, 4, O, 1, 2,

1 0, 0, 0, 0, 0,11, 4,47, 30, 38, 24, 36, 50, 44,
2 44,44,39,47,137, 38, 46, 44, 24, 16, 8, 0, 2,12,
3 11,0, 0, O, O, O/

[t
(V)

*Areportentf SR Gl @ RNRf 238 wSLENIZ {Fy wkY2y 2} {
this curve is a modified version of the SG®6ar curve.
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Figurel ¢ Rainfall Distribution Curve from Training

Materials with Personal Note
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The District applied the curvesTablel in several HMS modelnd comparedhe hydrograptresults

with HYDROGalculations During thiscomparison we foundthat the 24-hour stormhydrograph

calculated in HMS did manatch that produced by HYDROG6 while all other storms did. The key to
making the HMS model match the HYDROG6 model was the use of th&dlM$oisture Accounting loss
methodin the HMS modelWe searched for the origin of each of the curves and documented thesesul
in the following paragraphs.

3-Hour Rainfall Distribution Curve

We contacted the US Army Corps of Engineers (Corps) to verify the source dfdberainfall

distribution curve. They provided a POfom scanned copg ¥  &t&n8ardéProject Criterior General

and local StormsSacramenteSan Joaquin Valley= / 2 N1LJ&A { | ONJI Y S fatedl A@ilA & G NA Ol X
1971.Page 90 of thaPDFhas a 3hour rainfall distribution on it in its Figui@, whichvery closely

matches the dhour rainfall distributiorthe District uses as a standard. This Figure C was copied

graphically and overlaid kychart for comparison ifrigure2. This comparison verifies that this is the

source of the &hour storm rainfall distribution curve.

On pages of an August 1977 repobly the DistrictS y G A i f SRXE &l @ RNRf 238 wSLI2NI X
GKS F2tt26Ay3 Aa ¢ NRkhoui Soyhvdeuvelopgdoy tRACHrpsNhAENgingeksavgs 2 T |
FR2LIGSR o0& GKS 5AadNA Ol alsle 3bKiat raRdrtandtdhRhosezif thetgur O2 ST T A
rainfall curve in the HYRDO6 FORTRAN code and draft standard. This verifies the adoptiofhotithe 3

rainfall curve by the District.

Fig. ¢
TYPICAL YYETOGRAPH

.ao
0 s =i BT

Percentage of
total
bt
(9]
o

gregip.

0 1

| 3
1." 2 3U.AL5 G 8 "9 10 11 ‘12
Time 1nzxour-

Figure2 ¢ 3-hour Hour Rainfall DistributiorCurve
Original Source Comparison

2 Short for Portable Document Format, a file format developed by Adobe Systems.

3 SCS = Soil Conservation Service. The SCS is now the NRCS.

“Guo, J, C.Y. and Hearrwatdiiwmeg [Xe s(i2¢0r0 8R a ifinCfoanlsl Di stributio
Engineering, Aprilhttp://carbon.cudenver.edu/~jguo/PaperWeb/RainCurve.pdf
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6-Hour Rainfall Distribution Curve

We contacted theNatural Resource Conservation Service (NR@33 CAofficeto verify the source of

the 6-hour rainfall curve. They provideddata file with the éhour storm in it. iat 6-hour rainfall curve

is included in Appendix./A comparison with and subsequent communication With Greg Norris of

the NRC$ Davisshowed that the éhour curve in HYDROG6 and the District training material did not

match any éhour curve used byhe NRCS he NRCS said that then6ur rainfall curve could be found

in their Technical Release 60 {68). We located that document and confirmed that the rainfall curve

they provided came from that publicatiofhis can be seen Figure3thathasLJt 2 14 G KS 5A &0 NA O
hour curve against the T60 6hour curve and the curve the NRCS provided against the same.

On page 3 of the August 19BY the DistricNB L2 NIi Sy A (f SR> &l @ RNRBf 238 wSL
2 |  SNIstatesRéfallos A yIY G ¢ KS R-haunshin delzioped iy the Boil I ¢

Conservation District was modified by the District to contain$lod Conservation Distri8thour flood

peak. Boththe dourand 6K 2 dzNJ RA A G NRA o dzii A 2y O2 ST FhhedisBihitioa | NB LINI
coefficients in Table 3 of that report match those of thadur rainfall curve in the HYRDO6 FORTRAN

code and draft standard. This verifies the adoption of tHeoGr rainfall curve by the Districthe

Districts finalb-hour rainfall cuve is plotted inFigure4.

District 6-hour Curve SCS 6-hour

100.01.0 1.0008C

. 74 °ﬁ -

)
——

% Cumulative Rainfall

2
——

02-4
‘ ——6-HR ”' l ‘ —&—5CS 6-hour
=3
3
Em ‘
/ )

0.2000.2

0.1000.1

10.0.1 4
. o/ 4 . n.nnnno( T

2 3 a 5 6
60 1201IME INHOURSAD 300 360 0.00 1.00 2.0fiME ROAOURS'-00 5.00 6.00

(C.) SIX HOUR DESIGN STORM DISTRIBUTION (C.) SIX HOUR DESIGN STORM DISTRIBUTION
Time (minutes)

Figure3 ¢ 6-hour Hour Rainfall Distribution Curve
Compared to TS0 Standard
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Figure4 ¢ Final 6hour Hour Rainfall Distribution Curve

12-hour Rainfall Distribution Curve

¢ KS 5 A alibbtkaidféll@istributian curvés uniqueto the District. Comparison to other HRour
rainfall distribution curves from ctine sources did not reveal any similarities to other rainfall
distribution curvesThe 12hour rainfall distribution curve is provided Trable3.

24-hour Rainfall Distribution Curve

We researched th®istricttraining materiathat contained the24-hour rainfall distributioncurve and
found itwas differentfrom the one we found in thé¢1lYDROEORTRAN codél/e contacted theNRCS
Davis office and received back severah®dir curvesSCSStandard Rainfall Distributions Curyes
apparently revised in June 1985. These includedahewing24 HourSandard Rainfall Distribution
curves Type | Type IAType lJand Typelll. The raw data provided by the NRCS is includépjpendix
A

These éminute interval cumulative curves were converteddamulativel-hour curves for comparison
with the 24-hour storm distribution curves frg G KS 5 A & (i Ndhd@ahdStandaismigures b
presentsthe cumulative rainfall curves from tHeistrictand the Type | and Type IA curves from the SCS
plotted together. The District curve frothe standards table matches almost perfectly with the Tyjpe |
SCS curve. Thstrict curve from thdcORTRABbdeclosely matcheto TYPESCS curvieut is

different. The 24hour curves ara@lsocompared inTable2.

3 SCS = Soil Conservation Service. The SCS is now the NRCS.
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Comparison of Rainfall Distribution Curves

100
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Fortran
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Standards Table
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Figureb - 24-Hour Rainfall Distribution Curve Comparison
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Table2 - Comparison of 2sour Rainfall Distribution Curves

FCDF FCDS SCSI SCSIA Difference Difference
District District SCSs SCSs " .
FCDFi FCDS'i
HYDROG6 Draft Type | Type IA Scs| SCSIA
FORTRAN Standard Storm Storm
Duration 24-HR 24-HR 24-HR 24-HR
Interval 30-MIN 30-MIN 30-MIN 30-MIN
1 0.90 1.00 0.87 1.00 0.03 0.00
2 0.90 1.00 0.87 1.00 0.03 0.00
3 1.00 1.50 0.88 1.50 0.12 0.00
4 1.00 1.50 0.88 1.50 0.12 0.00
5 1.00 1.60 0.92 1.60 0.08 0.00
6 1.10 1.60 0.98 1.60 0.12 0.00
7 1.10 1.60 1.07 1.60 0.03 0.00
8 1.20 1.80 1.13 1.80 0.07 0.00
9 1.30 1.90 1.18 1.90 0.12 0.00
10 1.40 2.10 1.22 2.10 0.18 0.00
11 1.50 2.40 1.23 2.40 0.27 0.00
12 1.70 2.60 1.27 2.60 0.43 0.00
13 1.90 3.10 1.41 3.10 0.49 0.00
14 2.00 3.10 1.69 3.10 0.31 0.00
15 2.10 4.20 1.86 4.20 0.24 0.00
16 2.20 11.50 1.94 11.50 0.26 0.00
17 2.80 5.50 2.50 5.50 0.30 0.00
18 3.50 4.00 3.50 4.00 0.00 0.00
19 5.00 3.00 4.90 3.00 0.10 0.00
20 15.10 2.70 21.20 2.70 -6.10 0.00
21 6.60 2.40 6.80 2.40 -0.20 0.00
22 4.10 2.30 4.00 2.30 0.10 0.00
23 3.10 2.10 3.25 2.10 -0.15 0.00
24 3.00 1.90 2.85 1.90 0.15 0.00
25 2.60 1.90 2.52 1.90 0.08 0.00
26 2.40 1.80 2.28 1.80 0.12 0.00
27 2.10 1.80 2.03 1.80 0.07 0.00
28 1.90 1.70 1.77 1.70 0.13 0.00
29 1.80 1.70 1.62 1.68 0.18 0.02
30 1.70 1.60 1.58 1.64 0.12 -0.04
31 1.70 1.60 1.53 1.61 0.17 -0.01
32 1.60 1.50 1.47 1.57 0.13 -0.07
33 1.50 1.50 1.42 1.53 0.08 -0.03
34 1.40 1.50 1.38 1.49 0.02 0.01
35 1.40 1.40 1.33 1.45 0.07 -0.05
36 1.30 1.40 1.27 1.42 0.03 -0.02
37 1.30 1.30 1.22 1.38 0.08 -0.08
38 1.20 1.30 1.18 1.34 0.02 -0.04
39 1.20 1.20 1.12 1.30 0.08 -0.10
40 1.20 1.20 1.08 1.26 0.12 -0.06
41 1.20 1.10 1.03 1.23 0.17 -0.03
42 1.20 1.10 0.97 1.19 0.23 0.01
43 1.20 1.10 0.93 1.15 0.27 0.05
44 1.20 1.10 0.87 1.11 0.33 0.09
45 1.10 1.00 0.83 1.07 0.27 0.03
46 1.10 1.00 0.77 1.04 0.33 0.07
47 1.10 0.90 0.73 1.00 0.37 0.10
48 1.10 0.90 0.67 0.96 0.43 0.14
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Two more plotsFigure6 and Figure7, compare the hathourincrementalrainfall distributions from the
Type | and Type IA SCS rainfatribution curves with the Distri€ o curves tlat best match them.

From the comparison, @ppearsthat the District Standard€urve was taken directly from the SCS Type
IA curve. However, the District curve from the FORTEWAN s slightlydifferent from the SCS Type |
curve; enough so to considerahthe SCS curveaseither changedince the FORTRANdewas

originally written,had beenincorrectly taken off an old SCS graphic (prior to electronic files), or was not
intended to matchthe SCS curves. We do not understand why the District curve iStdndard does

not match that in the FORTRAN calen though the class notes indicate that is the sourceylor the
FORTRABbde curvedoes not match the SCS standard.

Ly | LI LISNI SyiAadt SR a/ 2y as e Cx BBoplsSar, Cidly wlk Ay Tl € f
Engineering, U. of Colorado at Denver, demonstrates how the rainfall distribution curve can be derived.
¢CKAA LI LISNI 02y Of dzRSa (KIdG GKS Y2NB O2ya@mBl GAJS N
low and high enveloping curvesttvia sharp rise through the rainfall centeithis is illustrated ifrigure

8 where the datgpoints representi KS 4 Sy @St 213S¢ | yR GKS Odz2NBS NBLINB A
distribution curvelf we were to choose the conservatiapproachwould choosetie Type | curve

0SOlFdzasS AlG F2ftt26a I G6ARSNI aSy@St21LS¢ FyR KlFa | a

The HYDRO6 FORTRAMNecurve is the different from the SCS Cuntéswever, vihen comparing
modeling runs using these Abur rainfall distribution curves we see that the Type | curve coincides
best with the HYDROG results. This is illustrateeigare9.

NRCS Standards

The NRCS publicatiélrban Hydrology for Small Watershéds 6 [Tekhniddl Relese 55 or R55)

contains Appendix Bnii A (i $ySttetic dRainfall Distributions afinfall Data Sourcés® ¢ KA & | LILISY R
contains a plot of the Type I, Type IA, Type Il and Type Il rainfall distribution (SeeEgurelQ) as

well as a map of the United States indicating where the different types of rainfall distributions should be
applied.Figurellis a copy of that map with a blow up of the Bay Area inset. This figdieates that

most of the Bay Area should use the Type | rainfall distribution while the North West portion of the

county would use the Type IA portion. This is an indicator that they Type | distribution was used as a
standard.It could also indicate thahe distribution curve used in the FORTRAN code was a blending of

the two curves.

Conclusion, Recommendation and Implications for the 24 -hour rainfall curve.

The draft District standards indicate that the District adopted the SCS cuvel24ainfall cirve. In
addition, the SCS Type |-Bdur rainfall distribution curve produces a peak flow that best coincides with
the HYDROG6 peak flolt.is also more conservative than the Type IA cuWe.can only conclude that

the intent was to adopt the SCS Ty @&Hhour rainfall distribution as the District standaiith that,

we recommend that thé&sCS Type | 2¢bur rainfall distributioncurve, as supplied by the NRCS, be
adopted andused as the District Standard afdure modelingof design stormén the Distict.

The implication of adopting this standard is that thel®ur design storm will have a higher peak flow
than HYDROG6 would produdeacilities originally designed based on theh®dir storm may be found to
be under designedviany of the designs thahe District performs regularly use the, &, and 12hour
storms since they produce higher peak flowke 24hour design storm is rarely uséy the District.

“Guo, J, C.Y. and Hearrwatdiime [Xe s(i2¢r0 8Ra ifincCfoanlsl Di stri buti o
Engineering, Aprilhttp://carbon.cudenver.edu/~jguo/PaperWeb/RainCurve.pdf
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SCSTYPE IA Rainfall Distributions Compared
to District’s 24-hour HYDRO6 FORTRAN MODEL Curve
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Figure6 - District FORTRAN Code-Mbur Rainfall
Distribution Cuve and the SCS Type | curve.

SCS TYPE | Rainfall Distributions Compared
to District’s 24-hour Standards Curve
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Figure7 - District Standards 2hour Rainfall Distribution
Curve and the SCS Type IA curve.
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Figure9 ¢ HEGHMS Model Comparison of 2dour Rainfall
Distribution Curves
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Figure B-1  SCS 24-hour rainfall distributions
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Figurel0¢ Figure B2 from TR55 with inset blowup of the
Bay Area

Figurell ¢ Figure B2 from TR55 with inset of the Bay Area
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